• The effects on anxiety of late-life environmental enrichment were investigated in adult rats.
Introduction
Previous studies have demonstrated the influence of the environment on brain regulation and behaviour [1] . In these studies, the animals have been kept in an enriched environment (EE), i.e., housing condition containing different objects (assorted colourful toys, tunnels, running wheels, nesting material, ladders, etc.) which are frequently changed during the experiment [2, 3] .
These conditions provide enhanced sensory, cognitive and motor stimulation in comparison to standard housing conditions [2] .
It is well documented that EE induces a number of neuroanatomical, neurochemical and behavioural alterations [4, 5] . Behaviourally, the EE exerts positive effects on learning and memory [6] and decreases levels of anxiety [7, 8] . However, most of the anxiety studies used the elevated plus-maze test. This model confronts the animals with an anxiety provoking situation, modelling the so-called state anxiety, which is the anxiety a subject experiences at a particular moment in time, when facing threat. However, there is another concept, trait anxiety, considered to be an enduring feature of an individual, relatively stable over time [9] , and particularly important in anxiety patients, as they tend to present greater anxious trait in comparison to healthy subjects [10] .
In 1999, Chapillon et al. [11] assessed the influence of environmental enrichment on trait anxiety levels in mice. In this study, BALB/c mice, known as highly emotional, were reared under either enriched or standard conditions and, when adults, were tested on the free-exploratory paradigm, a model of trait anxiety [12, 13] . It was observed that animals reared in EE presented a lower anxiety profile in adulthood, in comparison to animals reared in the standard environment, demonstrating the capability of environmental enrichment to modify a personality trait. However, as in most studies in this field, Chapillon's work established the environmental enrichment early in life, in order to observe its effects in adulthood. Exposure to EE at different ages has rarely been investigated.
Bearing all this in mind and taking brain plasticity into consideration [14] , it is reasonable to question if animals reared in standard cages since birth and moved to an enriched environment in adulthood could still benefit from its effects. Thus the aim of the present study was to evaluate the possibility of modifying the levels of trait and/or state anxiety of adult rats exposed to EE.
Animals, materials and methods

Animals
Seventy adult (10 weeks) Wistar male rats, obtained from our own colony, were used in the experiment. The animals were kept five per cage (41 cm × 34 cm × 18 cm), in a temperature (22- 
Enriched environment
The enriched environment consisted of an arena (100 cm in diameter and 70 cm high), maintained in the same room where the animals were kept since birth, which contained different objects (tunnels, sticks and blocks of several sizes, made of wood or plastic and a running wheel) and nesting material, that were changed three times a week. At each time, the animals were presented with one stick, four wooden blocks and three plastic blocks, which varied in colour and size; they were also presented with fresh nesting material and a tunnel, made of PVC tubes, interconnected in a different way each time. The running wheel was available to the animals at all times. The floor of the arena, which contained five animals at a time, was covered with fresh sawdust and allowed free access to food and water.
Free-exploratory paradigm
The free-exploratory paradigm (FEP) was set up as described by Antunes et al. [15] . The apparatus consisted of a wooden box, divided into two compartments, with each compartment further subdivided into three exploratory units (20 cm × 20 cm), interconnected by small openings. The two compartments were separated by a removable partition. The box was placed on a stand in the rat home room. Approximately 24 h before testing, the partition was installed and an animal was put into one-half of the apparatus and left there until the test time, in order to become familiarized with it. This familiar half had fresh zeolites (Zoocel Biotério ® -Celta Brasil, Cotia, Brazil) covering the floor and the animal had free access to food and water. On the test day, the partition, between the familiar and the novel compartments, was removed and the animal was observed for 15 min, under infra-red light. The following parameters were measured: total distance travelled (TDT), and the time spent in each compartment, from which the percentage of time spent in the novel side (%TNS) was calculated -a parameter considered a reliable measure of trait anxiety in rats [13] .
Elevated plus-maze
The elevated plus-maze (EPM) was set up as described by Pellow et al. [16] , except for the lighting, which was red [11] . The apparatus consisted of a wooden maze with two closed arms 
Procedure
Ten-week-old rats, reared in standard conditions (as described in Section 2.1), were first tested in FEP (FEP1). The obtained results (Table 1) were used to classify the animals according to the %TNS, as presenting high (<1st quartile), medium (≥1st quartile and ≤3rd quartile) or low (>3rd quartile) levels of trait anxiety. Three to six days after FEP1, half of the animals from each category remained in their home cages (standard condition: SC) while the other half was transferred to the enriched environment (enriched condition: EC). After three weeks, all animals were again tested in FEP (FEP2) and returned to their respective environments. Seven to 10 days later, fifty of the seventy animals were tested on EPM.
The two behavioural tests were performed in the dark phase of the light/dark cycle, between 7:00 and 8:00 p.m., and the observed parameters were recorded using a computerized system for animal tracking (Anymaze, Stoelting Co., Wood Dale, IL, USA). Both apparatuses were cleaned using a 10% ethanol solution after each test to eliminate possible odour cues left by previous rats.
Statistical analysis
All data obtained from FEP were analyzed by three-way ANOVA for repeated measures [factor 1: environment (EC or SC); factor 2: anxiety category (low, medium or high); factor 3: trial (FEP1 or FEP2)]. In the case of significant interaction among all three factors, the analyses were followed by fixing one of the factors and conducting two-way ANOVA for repeated measures on the other two factors. In case the interaction was still significant, the analyses were followed by fixing one of the factors and conducting one-way ANOVA for repeated measures on the other factor, followed by Tukey's post hoc test, when appropriate. In the absence of significant interaction, the main effects were analyzed and Tukey's post hoc test was performed, when appropriate. The comparison between the effects of the two housing conditions on EPM was performed by Student's t-test, considering all the anxiety categories together, as a previous study in our lab has shown a lack of concordance between FEP and EPM in relation to rats' levels of anxiety [17] .
All significance tests were two-tailed and were performed at the 5% significance level.
A z-score was calculated for all parameters and animals presenting values outside the interval between mean ± two standard deviations were excluded from the analysis. After this calculation, the sample sizes for each group in each test were as presented in Tables 1 and 2 .
Results and discussion
Analysis of TDT on FEP showed significant environment × trial interaction [F(1,58) = 6.60; p = 0.01]. No other interactions were significant. Fixing factor environment, analyses of trial as a single factor showed that EC reduced TDT on FEP2 in relation to FEP1 [F(1,31) = 17.31; p < 0.01; Table 1 ], but no differences were found for SC. This observation is in accordance with previous studies [18, 19] which found that animals exposed to EE show decreased ambulation in comparison with animals kept in standard conditions. These authors concluded that the greater motor stimulation, provided by EE, leads the animals to a fast habituation to a novel environment that could account for the decreased locomotor activity observed in behavioural tests.
In relation to trait anxiety, analysis of %TNS showed significant environment × anxiety category × trial interaction [F(2,58) = 3.94; p = 0.02]. Fixing factor anxiety category, a significant environment x trial interaction was found [F(1,15) = 8.42; p = 0.01] for high trait anxiety rats. Fixing factor environment, analyses of trial as a single factor showed that EC spent more time in the novel side on FEP2 in comparison to FEP1 [F(1,7) = 19.51; p < 0.01; Fig. 1 ], while no differences were found for SC. For the other anxiety categories, no significant environment × trial interaction was found; therefore the two main effects were analyzed. The environment effect was not significant for any category, while the trial effect was significant only for the medium trait anxiety rats [F(1,28) = 8.45; p < 0.01; Fig. 1] , in that the time spent in the novel side on FEP2 was greater than on FEP1.
Independently of the housing condition, medium trait anxiety rats showed apparent anxiety reduction on the second exposition to FEP. This result contrasts with a previous study [13] performed in our laboratory. In this study we showed no significant difference between first exposition and second exposition to FEP on %TNS, when the animals were retested four weeks after the first exposition. However, differently from the present study, the analysis of the results did not consider the different anxiety categories. Thus, it is possible that animals with different trait anxiety levels have different responses to a previous "out of cage experience", in a way that the different effects cancel each other out when the animals are grouped together.
The most interesting result was observed for the highly anxious rats. The exposition to EE decreased their trait anxiety levels. Although the influence of EE on anxious trait has been demonstrated before [11] , this has never been investigated in animals only exposed to this kind of environment in adulthood. This new finding reveals that environmental enrichment is able to change an anxious profile even when introduced later in life. At this point, it is worth considering that the animals exposed to EE had more opportunity to move about than the SC animals, which could account for the observed anxiolytic effect. Actually, it has been demonstrated that voluntary exercise can decrease anxiety [20, 21] , but the opposite effect has also been reported [22] . Either way, a recent study [23] , comparing two types of cage enrichment, with and without a running wheel, showed that the anxiolytic effect of EE was not due to exercise per se. Therefore, it is reasonable to believe that the anxiolytic effect of EE observed here was not simply due to physical activity. Regarding the evaluation of state anxiety, we chose to employ the EPM because it is one of the most popular animal models of anxiety. When evaluating the first 20 animals, the test was set up exactly how it was proposed by Pelow et al. [16] and, as a result, the maze was kept under bright light. However, it was observed that EC rats did not explore the maze, tending to choose one of the closed arm corners, where they remained motionless for most of the time. This observation led to the hypothesis that EC rats had become photosensitive, since, differently to SC rats, EC animals had the opportunity to stay inside tunnels during the light phase of the light/dark cycle, avoiding daylight completely. As a solution to this problem, bright lighting was replaced by red lighting, as it has been done before [11] , to allow for a reliable evaluation of the animals' behaviour. Therefore, data of only fifty of the seventy tested animals were included in the analysis.
No significant differences between SC and EC for the parameters %TOA, %EOA or TDT were found in the present study ( Table 2 ), indicating that EE established in adulthood was not able to influence state anxiety evaluated on EPM. This discrepancy between FEP and EPM results was not entirely unexpected. Although it is believed that subjects who present low trait anxiety experience state anxiety reactions less frequently, and with smaller intensity, than individuals with high trait anxiety levels [9] , it has already been demonstrated that, in animal models, this correlation is not necessarily true [17, 24] . On the other hand, a recent study demonstrated that adult rats kept in EE for eight weeks presented lower levels of anxiety in the elevated zero-maze (EZM), in comparison to animals maintained in standard cages [25] . EZM is an animal model derived from EPM and very similar to it in terms of detecting anxiolytic and anxiogenic drug effects in rats [26] . Thus, it is possible that the four-week exposure to EE, used in the present study, was not long enough to influence state anxiety, as detected by EPM. Nevertheless, it is worth mentioning that EPM results in EE studies have been controversial, even when environmental enrichment starts soon after birth or weaning. The observed effects vary from anxiolytic to anxiogenic, in different mice strains and with different types and duration of EE [7, 27] . Therefore, future studies should be designed in order to better understand the effects of EE on the anxiety-like behaviour presented on EPM.
In summary, the present study shows, for the first time, the positive influence of environmental enrichment, established in adulthood, on the anxious trait. This finding is an indication that the adult brain's plasticity responds to environmental changes to the point of modifying a personality trait. Furthermore, this knowledge can now be used to guide the development of occupational therapies for people presenting high trait anxiety, which, in addition to being a major risk factor for anxiety disorders [28] , seems to increase the susceptibility to the development of other conditions, such as hypertension [29] and orofacial pain [30] .
